Two novel, isomeric compounds, coumamidines 71 and 72, were isolated from fermentations of an actinomycete. The structures were elucidated spectroscopically using 2D NMR correlation experiments and mass spectral data. The coumamidineswere found to be close structural relatives of the cinodines (LL-BM12371 and 72).
In the course of screening microbial fermentation products for antimicrobial activity, an isomeric pair of novel antibiotics, coumamidines 7I and p2, were discovered. These compounds are structurally related to the cinodines 7I and^21>2). The carbohydrate and phenylpropanoid region of both families are identical35 (using 2D NMRtechniques, a few minor spectral misassignments of the cinodines have been corrected).
However, the coumamidines do not contain an acylated spermidine residue, but instead have a 3-aminopropanamidine. Both coumamidines have potent broad spectrum activity against Gram-negative and Gram-positive bacteria, but are ineffective against anaerobes. The microbiological data are presented in companion papers4>5). This paper describes the purification and structural elucidation of the coumamidines.
Isolation
Whole fermentation broth was passed through filter paper to remove the mycelial mass. The eluate was mixed with Diaion HP-20resin and the active constituents were allowed to adsorb to the resin. The resin was recovered and the activity was eluted with a step gradient from water to methanol. Active fractions were pooled and evaporated to dryness. The residue was triturated with acetone followed by methanol. The remaining water soluble material was adsorbed onto a column of CM-Sephadex. After washing with water, the activity was eluted by the application of a linear gradient of 0 to 5 % NaCl. The active fractions were desalted over a carbon column. A final purification over Fractogel in a buffered solution yielded two pure compounds, the acetate salts of coumamidine 7I and 7*2. The activity was monitored by the disk diffusion bioassay on agar plates which had been inoculated with Pseudomonas aeruginosa BMH1.
Characterization and Structural Determination
The acetate and chloride salts of coumamidine y\ and 7! are white powders and were readily soluble in water or DMSO.They possessed only marginal solubility in dry methanol. The UV absorption spectra of both compoundswere identical and had an absorbance maximum at 286 nmwith an s 15,400 in water.
The positive fast atom bombardment mass spectra (FAB-MS)of both rl and r2 gave the same 534 THE JOURNAL OF ANTIBIOTICS protonated molecular ion of nominal mass m/z 836. The exact mass was measured as m/z 836.3654 by a high resolution peak match and corresponds to the formula C33H49N13O13+H+ (calcd 836.3655). The NMRdata are tabulated and presented in Tables 1 and 2 . The carbons are listed in order of their numerical assignment. Across from each carbon are coupling data pertaining to that carbon. The chemical shift of the attached proton(s) was determined using heteronuclear correlation (HETCOR) experiments^. Long range (LR) proton-carbon couplings were determined by the LR-HETCOR technique70. The data under the distortionless enhancement by polarization transfer (DEPT) heading not only gives the information from that experiment, but also indicates the hybridization state and attached functionality, as assigned in the structure. COSYdata lists the protons which couple to the protons attached to that carbon. The numerical assignments based on spectral analyses refer to the coumamidine structure in Fig. 1 .
A comparison of the 13C data for the coumamidines and the cmodines3) shows that the coumaryl and carbohydrate regions are identical for coumamidine fl and cinodine?-l , and similarly for coumamidine yl and cinodine yl. Only small insignificant differences in chemical shifts (<1 ppm) were seen and could have been caused by the different counter ions or other experimental conditions. It was necessary to reassign the 13Cchemical shifts of three pairs of carbons of the cinodines which were misassigned based on degradation studies. The reassignment is based on proton-proton coupling and proton-carbon correlation data taken on the intact molecules. The reassigned carbons have been marked with asterisk pairs (see the assignment column of Tables 1 and 2) , indicating the values which were interchanged.
The unique feature of the coumamidines is the remaining residue, which by the molecular formula is composed of C3H7N2. The low field carbon, C-l at 169.5 ppm, couples to both pairs of methylene protons. The geminal protons of each methylene, C-2 and C-3, are equivalent and appear as triplets, /=7.3 Hz. Each couples to the other methylene protons and carbon. These data indicate the linear propionyl-type structure. The remaining atoms and the carbon chemical shift8) all indicate that C-l is an alkyl amidine. The NMRdata suggests that C-3 is bonded to a nitrogen atom. The chemical shift of its protons correlate better for that of an amide nitrogen (with p effects from the amidine) than an amine. The amide to which it is bonded is the allylic amide (169.6 ppm) of the coumaryl residue. This is analogous to the attachment of the spermidine residue in the cinodines. Fragment ions in the mass spectrum support the structural assignment. Cleavage between the anomeric carbon 1' and the phenolic hydroxyl results in loss of the coumaryl and propanamidine moieties and gave an observable carbohydrate fragment at m/z 603. Scission of the C-N bond between the urea carbonyl and the glycosidic nitrogen at 1" gave two observable fragments. The first, at m/z 391, contains the two terminal sugars, and the second, m\z 446, contains the sugar, coumaryl and propanamidine residues.
Experimental
General Methods NMR spectra were recorded on either a General Electric GN300or GN500spectrometer. All samples were dissolved in D2O. *H NMRcorrelation spectroscopy (COSY)data were acquired at 300.1 MHz. 13C NMRand DEPTexperiments were performed at 75.5 MHz. HETCOR and LR-
